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Abstract. Gluons inside unpolarized hadrons can be linearly poldrigeovided they have a
nonzero transverse momentum. The simplest and theoflgtszdest way to probe this distribution
of linearly polarized gluons is through cop 2symmetries in heavy quark pair or dijet production
in electron-hadron collisions. Future Electron-lon Gi#li (EIC) or Large Hadron electron Collider
(LHeC) experiments are ideally suited for this purpose.eHge estimate the maximum asymme-
tries for EIC kinematics.

PACS: 12.38.-t; 13.85.Ni; 13.88.+e

INTRODUCTION

Linearly polarized gluons in an unpolarized hadron, cagya light-cone momentum
fractionx and transverse momentupm w.r.t. to the parent's momentum, are described
by the transverse momentum dependent distribution (TR x, p?) [1, 2, 3]. Unlike
the quark TMD hfq of transversely polarized quarks inside an unpolarizeddrad
(also frequently referred to as Boer-Mulders function) [15_“[,9 is chiral-even andr -
even. This means it does not require initial or final stateraxttions (ISI/FSI) to be

nonzero. Nevertheless, as any TMiy,? can receive contributions from ISI or FSI and
therefore can be process dependent, in other words, neefgal, and its extraction can
be hampered in nonfactorizing cases.

Thus far no experimental studiesrq_Lfg have been performed. As recently pointed out,
it is possible to obtain an extraction bfg in a simple and theoretically safe manner,
since unlikehfOI it does not need to appear in pairs [3]. Here we will discuseolables

that involve only a singlehfg in semi-inclusive DIS to two heavy quarks or to two
jets, which allow for TMD factorization and hence a safe agtion. The corresponding
hadroproduction processes run into the problem of factdr breaking [3, 5].
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AZIMUTHAL ASYMMETRIES
We first consider heavy quark (HQ) producti@{/)+h(P)—e(¢")+Q(K1)+Q(Kz)+X,
where the four-momenta of the particles are given withickets, and the heavy quark-
antiquark pair in the final state is almost back-to-back & piene perpendicular to
the direction of the exchanged photon and hadron. We lookeahéavy quarks crea-
ted in the photon-gluon fusion process, which can be distsiged kinematically from
intrinsic charm production; e.g., from tlgQ invariant mass distribution. The calcula-
tion proceeds along the lines explained in Refs. [2, 6]. Waioldbr the cross section
integrated over the angular distribution of the back-scatt electrom(¢’):

dU _ azas (1+yXB> )
dyrdy,dydxd?q, d2K;, — msM2  yoxg (A+ Bayr Coszp) 0(1-z-2). (1)

This expression involves the standard DIS variab@¥s= —g?, whereq is the momen-
tum of the virtual photonx; = Q%/2P-q,y=P-q/P-{ ands= ({ +P)>=2(-P =
2P-q/y = Q?/xgy. Furthermore, we have for the HQ transverse momKﬁEa: —Ki2L
and introduced the rapiditiggfor the HQ momenta (along photon-target direction). We
denote the proton mass wih and the heavy (anti)quark mass witly. For the partonic
subprocess we haye+ q = Ky + Ky, implying z; + z = 1, wherez, = P-K; /P-g. We
introduced the sum and difference of the HQ transverse mtayien = (Ky; —Kz,)/2
andgr = Ky, + Ky, considering|gr| < |[K_|. In that situation, we can use the ap-
proximate HQ transverse momera, ~ K, andK,, ~ —K denotingMiZL R Mi =
M& +KZ . The azimuthal angles af, andK , are denoted by: and @, respectively,
andg = ¢: — ¢, . The functionsA andB depend oy, z(= z),Q%/M?,M3/M?, andqs.
The angular independent paktis non negative and involves only the unpolarized
TMD gluon distributionf?, A= e§ fP(x, g%) 279X > 0. We focus on the magnitude

B of the cos & asymmetry, which is determined hjg. Namely,

B= 1 €y O(x, ) %9 °, @)
with
egeca_121-2 (, Mg _ @M
B9 =553 Th a(y) < [2z(1—2z)b(y) 1}Mi+2ME . (3)

D=D(zQ*/M?) =1+2(1-2)Q?/M7, a(y) =2—y(2—Y), b(y) = [6—-y(6—y)]/a(y)-
Since hfg is completely unknown, we estimate the maximum asymmetay ik
allowed by the bound

Ihy 9 ()] < £2(x), (4)

where the superscrifil) denotes then = 1 transverse moment (defined 88 (x) =
Jd?p; (p2/2M?)" £(x, p2)). The functiorR, defined as the upper bound of the absolute
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FIGURE 1. Upper bound ofi(cos2¢r — ¢, ))| defined in Eq. (5) as a function ¢K | at different
values ofQ?, with y = 0.01 andz = 0.5.

value of(cosZ¢r — ¢, )),

/&0, cos2Ap — @ )do|  [dQRq?[B| _ |#°9°R _
Jdq,do T 2[dRA T gege@ T
()
is depicted in Fig. 1 as a function (i | | (> 1 GeV) at different values d@? for charm
(left panel) and bottom (right panel) production. We havededy = 0.01,z= 0.5, and
takenMZ2 = 2 Ge\?, M2 = 25 Ge\2. Such large asymmetries would probably allow an

extraction ofh; ¢ at EIC (or LHeC).

If one keeps the lepton plane angle there are other azimuthal dependences, such as
acos2@ — ¢r). The bound on(cos2@ — ¢r))|, denoted a&, is shown in Fig. 2 in the
same kinematic region as in Fig. 1. One can seeRha#an be larger thaR, but only at
smaller|K |. R falls off more rapidly at larger values & | | thanR. We note that it is
essential that the individual transverse moméfitaare reconstructed with an accuracy
0K better than the magnitude of the sum of the transverse marigent+ K, | = q.
This means one has to satishit; < |gr| < |K_ |, which will require a minimumK_ |.

The cross section for the procesti — € jetjetX can be calculated in a similar
way and is analogous to Eq. (1). In particular, the expligpression forB can be
obtained from the one for HQ production takiMp = 0, while A now depends also
on Xz and receives a contribution from the subprocgss— gq as well, not just from
y*g — qq. Therefore, the maximal asymmetries (not shown) are smeén for HQ
pair production.

[{(cosqgr — )| =
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FIGURE 2. Same as in Fig. 1, but for the upper bouRidf |(cosZ @ — @r))|.

CONCLUSIONS

Studies of the azimuthal asymmetry of jet or heavy quarkgraiduction ine pcollisions

can directly probdnfg, the distribution of linearly polarized gluons inside utgrzed
hadrons. Breaking of TMD factorization is expectedp or pp collisions, hence a
comparison between extractions from these two types ofgsses would clearly signal

the dependence on ISI/FSI. The contributiom@)? to diphoton production has also been
studied [7]. Since the proposed measurements are relasiveple (polarized beams are

not required), we believe that the experimental deternunaif hfg and the analysis of
its potential process dependence will be feasible in theéut
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